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Spitzer GOODS - 24 µm; Daddi et al. 
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THE INFRARED BACKGROUND &  
DUSTY STAR-FORMING GALAXIES 

Far-IR / submm!
UV / 
opt / 
near-IR!

Lagache, Puget & Dole (2005), ARAA 43!

Integrated star & AGN light: FIR is half ! Star formation history!

Le Borgne et al., 2009, shaded region !
points from Hopkins & Beacom 2006!

Submillimeter / millimeter wavelengths 
probe the interesting early star-formation 
phase.!

•" Greatest uncertainty at high redshift.!
•" Reionization between z=11 and z=6 !

(0.4 to 1.0 Gyr).!
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HERSCHEL SPIRE FAR-IR SURVEYS $
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DUSTY GALAXIES OFTEN LACK OPTICAL COUNTERPARTS 

SCUBA Deep Field: Hughes et al 1998 

Chapman et al. 2005: 
Overcomes redshift bottleneck 
with VLA & Keck 

Younger et al. 2007, AzTEC / SMA: higher z than radio-ID#d ?!



A nearby galaxy observed with the infrared Space 
Observatory reveals the wealth of information 
available.   BLISS- SPICA can measure this 
spectrum from galaxies as they first formed when 
the universe was 1/10 of its present age. 

THE PROMISE OF FAR-IR SPECTROSCOPY 
A wealth of information is 

available for early-universe 
galaxies if we have the 

sensitivity: 
•" Suite of lines provides a reliable 
redshift template, perhaps the 
only method for very dusty 
sources.  

•" Fine structure and molecular 
lines dominate the gas cooling 
and measure its properties: 

    ! Gas mass, temperature, density 
    ! UV field strength and hardness  
    ! Metal abundances 
 ! Starburst / AGN contributions 
 ! Stellar type, starburst age. 
 ! Degree of ISM processing 

Far-IR lines are subject to very 
little extinction, they probe the 
bulk of a galaxy. 

%-@00$>ABC$A<$]^3$
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REVEALING THE BLACK-HOLE--GALAXY CONNECTION

"64$`$=IK:LOKA?$<I?ONP$A?aN<ZN$LIBL:;<$

Caltech Astro Tea Talk, 9 May 
2011 6 Matt Bradford 

bAB$C:?$7:?F$:<$AK\$*/232.$
*9:?NLD:K$0,@&1.$

The mid- to far-IR contains important spectral 
probes of black hole growth and Quasar birth. 

•" Seyfert galaxies often show enhanced neutral gas 
coolants ([OI] 63 mm and [SiII] 34 mm) due to X-ray 
heating and jet-induced shocks.  BLISS will distinguish 
these scenarios with a suite of far-IR lines.  

•" Very-high-ionization plasma around an accreting 
black hole is unambiguously signaled with fine-
structure lines of extreme species such as Ne4+ and 
O3+. 

•" Blueshifted molecular absorption (e.g. OH 79 mm) 
signals the ablation of the molecular torus and the 
transition from buried to naked QSO in merging 
galaxies. 

•" Warm, dense molecular gas in the putative molecular 
torus around an AGN should emit in the high-J CO 
rotational transitions, peaking around J= lrest~50-80 
mm and the far-infrared. 

>>The SPICA/BLISS wavelength range and sensitivity 
is required for studying these phenomena in galaxies 
at the peak QSO epoch (z=2-3) and beyond. 



GAS IN FORMING PLANETARY SYSTEMS 

SPICA/BLISS will obtain a 
census of the full evolutionary 
range, from massive primordial 
disks with 0.01 MSun of gas to 
older, evolved systems with 
only a few MEarth of gas 
remaining.   

SPICA/BLISS sensitivity allows 
observations at kpc-distances, 
accessing clusters with a wide 
range of ages. SPICA/BLISS 
will measure the gas disk 
lifetimes directly for the first 
time. 

Example clusters for 
SPICA/BLISS disk 
spectroscopy:    
NGC 2362 (5Myr, d=1.5 kpc), 
NGC 6871 (10Myr,d=1.7 kpc), 
h-&!-Per (13Myr, d=2.3kpc), 
and many more. 

Models convolved to R=400 (fluxes in W/m2)    Uma Gorti (Ames) 

BLISS sensitivity 

The full suite of spectral lines in the modeled objects above are readily 
detected with SPICA/BLISS, but are very difficult or impossible with 
SAFARI.         

Caltech Astro Tea Talk, 9 May 
2011 7 Matt Bradford 

•" Gas in protoplanetary disks is essential for formation of giant planets; even small amounts of residual gas at 
late stages can influence planetary migration and eccentricity evolution.  
•" Bulk of the mass in the disk is believed to lie at r"20 AU, and is expected to cool through the far-IR atomic 
O and C transitions, and rotational lines of CO and H2O. 



THE RISE OF HEAVY ELEMENTS AND MOLECULES

•" Strong H2 emitters found in the 
local-Universe may be analogs of 
early-Universe shocks produced in 
galaxy formation and AGN feedback, 
perhaps as element enrichment is 
taking place.  This Zw3146 BCG 
spectrum would be detectable at 
z=8-10 with BLISS / SPICA! 
•" As they arise, PAH features 
become important ISM coolants.  
Their Large equivalent widths may 
offer the best probe of heavy metal 
abundance at early times. While not 
accessible to JWST or ALMA, 
SPICA-BLISS can readily detect the 
PAH emission from galaxies systems 
at z>6, as they come to be. 

 As primordial gas is enriched with metals from the first stars, the dominant 
cooling pathways shift from pure H2 to fine-structure lines and dust features. 

Egami et al 2006, 
Spitzer IRS 

2011 September 22 8 SPICA and the Far-Infrared:   Matt Bradford 
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BLISS DESIGNED FOR DEEP FOLLOW-UP SPECTROSCOPY 
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SPICA -- THE FIRST LARGE CRYOGENIC OBSERVATORY  
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BLISS FOR SPICA IS A US FAR-IR COMMUNITY GOAL, 
RECOMMENDED BY ASTRO2010 DECADAL SURVEY 



BLISS INSTRUMENT CONCEPT 
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BLISS 50 MK COOLER-> PROTOTYPE AT JPL 
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UNIQUE US CAPABILITIES FOR SPICA 
Far-IR bolometers arrays -- the heart of an instrument.  

Delivered for flight -> Herschel and Planck 
•" individually read-out devices  

•" 384 total bolometers for SPIRE 
•" semiconducting thermistors 

Being fielded in ground-based, balloon-borne 
instruments 

•" kilo-pixel arrays, e.g. SCUBA-2, 10,000 pixels 
•" superconducting thermistors 
•" enables ultra-sensitive bolometers for BLISS 

NASA JPL!

Progressing from semiconducting ! to multiplexed superconducting 
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Nyquist chips 

32:1 SQUID MUX chip 

Address & 
readout 
connectors 

G-10 PCB 
   25 cm dia. 

Antenna-coupled TES Wafer: 150 GHz 
operation, 8x8x2 = 64 TES 

Wafer mounting 
Clips for replaceable 
installation 

J. Bock et al. JPL!



GROWTH IN FAR-IR DIRECT DETECTOR FORMATS  

32mQ$;Rf:KN$RB$A$C:LAC:P$RF$[:$LAB$AnI?C$<D:=$Eo$!8@'N$In:?$KI[ELIN<$=OKa;K:fRBT$
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•" Future Far-IR detectors must be more 
sensitive than anything yet flown.   
•" Ultimate limit is the zodiacal+Galactic 
dust emission, and the telescope & CMB 
at 300 µm and longer.   
•"There is no terrestrial or sub-orbital 
platform to field these detectors. Even 
Herschel has backgrounds 10,000 times 
too high. 
•" SPICA & BLISS paves the way for future 
far-IR spaceborne instruments. 

BLISS SENSITIVITY REQUIREMENTS 
BLISS REQUIRES SENSITIVE DEVICES, PAVES THE WAY FOR FUTURE MISSIONS 

BLISS 
requirement 

2011 September 22 16 SPICA and the Far-Infrared:   Matt Bradford 
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BLISS BOLOMETER APPROACH 
50 MK TES BOLOMETERS ARRAYED IN 1-D 

2011 September 22 SPICA and the Far-Infrared:   Matt Bradford 17 
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Images from optical microscope. 

Wire traces. 

Filter 
Array 

Ti BLISS arrays 

•"TC=565mK. 

•"G(TC) #250 fW/K 

BLISS DETECTOR PROGRESS:  
TITANIUM BLISS TEST ARRAYS IN MUX 

Testing a variety of absorbers: 

Support 
beams 



TI BLISS TEST ARRAY: NEP W/ MUX IS AS DESIGNED 
(A NEW WORLD RECORD FOR THE SQUID MUX!) 

41,G$$3\Qs32E3t$7M9]3M/$FI?$#5^Q_Q=8\$

)T@BM5CA&

1/f noise under study, likely magnetic pickup 
(shielding is not aggressive yet) 
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Andrew Beyer 
Matt Kenyon 
Talso Chui 
Warren Holmes

(JPL) 
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MEASUREMENT WITH IR DEVICE AT 150 MK 
(ANOTHER WORLD RECORD FOR THE SQUID MUX) 

Andrew Beyer,  
Matt Kenyon,  
Pierre Echternach,  
Warren Holmes,  
Talso Chui (JPL) 

1/f noise due to bias 
source -> will be 
removed as common 
mode with multiple 
channels. 
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BLISS U.S. STUDY TEAM
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